Purpose: Previous research has shown that poor health-related quality of life (HRQOL) is associated with adverse long-term prognosis in patients with heart failure (HF); however, there have been inconsistencies among studies and not all of them confirmed the prognostic value of HRQOL. In addition, few studies involved elderly patients and most focused on allcause mortality and HF-related hospitalization as outcomes. The aim of our study was to determine whether HRQOL is a predictor and an independent predictor of long-term cardiac mortality, all-cause mortality, and HF-related rehospitalization in elderly patients hospitalized with HF. Patients and methods: This prospective observational study included 200 elderly patients hospitalized with HF in Serbia. HRQOL was measured using the Minnesota Living with Heart Failure questionnaire (MLHFQ). The median follow-up period was 28 months. The primary outcome was cardiac mortality, and all-cause mortality and HF-related rehospitalization were secondary outcomes. Survival analysis was conducted using the Kaplan-Meier method and Cox-proportional hazards regression. Results: Subjects with poor HRQOL (higher than the median MLHFQ score) had a higher probability of cardiac mortality (P=0.029) and HF-related rehospitalization (P=0.001) during long-term follow-up. Poor HRQOL was an independent predictor of cardiac mortality (HR: 2.051, 95% CI: 1.260-3.339, P=0.004), all-cause mortality (HR: 1.620, 95% CI: 1.076-2.438, P=0.021), and HF-related rehospitalization (HR: 2.040, 95% CI: 1.290-3.227, P=0.002). Conclusion: HRQOL is an independent predictor of long-term cardiac mortality in elderly patients hospitalized with HF. It also independently predicts all-cause mortality and HFrelated rehospitalization. HRQOL could be used as a complementary clinical predictive tool in this patient population.
Introduction
Heart failure (HF) is a frequent disease in the elderly; its prevalence increases with age and ranges from 4.8% to 13.5% in this population. 1 It is associated with high mortality, comparable to the rates of various malignancies, and the 5-year mortality is almost 50%. [2] [3] [4] The aging of populations worldwide indicates that HF will become a major public health problem in the coming decades, 3 and research on HF is currently focusing on improvement in survival and health-related quality of life (HRQOL). 5 HRQOL is usually defined as the patient's self-perceived health Evaluation of prognosis in HF is important because patients at high risk of unfavorable outcomes could benefit from more intensive treatment and more frequent monitoring. 5, 8 Previous research has shown that numerous factors, including age, sex, New York Heart Association (NYHA) class, and left ventricular ejection fraction (LVEF), influence prognosis in HF patients, and efforts have been made to develop new prognostic models for HF. 9 Research indicates that poor HRQOL predicts worse prognosis in HF patients; thus, it could be used as a novel prognostic marker in HF patients. [10] [11] [12] [13] However, previous studies used different instruments for measuring HRQOL, and a review showed that their results were not consistent enough to reach a definitive conclusion. 14 Most of the research on the prognostic value of HRQOL in HF has been conducted in younger subjects. [10] [11] [12] [13] [14] To our knowledge, there have only been two studies solely on elderly subjects. 15, 16 Furthermore, most of the previous studies focused on all-cause mortality or HF-related hospitalization as endpoints. [10] [11] [12] [13] [14] [15] [16] Given that overall long-term survival in elderly HF patients is influenced by multiple other conditions that are common in this age group, such as malignancies and dementia, 17, 18 we aimed to determine whether HRQOL, as a global measure of overall health state 14 including those influences, is a predictor and an independent predictor of long-term cardiac mortality, allcause mortality, and HF-related rehospitalization in elderly patients hospitalized with HF.
Patients and methods

Study population and design
This prospective observational study included 200 patients aged ≥65 years hospitalized with HF at the Geriatric Department of "Zvezdara" University Hospital in Belgrade, Serbia, between February 2009 and July 2012. HF diagnosis was established by study personnel, using the European Society of Cardiology criteria. 19 Exclusion criteria were terminal malignancy, end-stage renal failure, previous stroke with immobility, or advanced dementia. All patients gave written informed consent. The study was approved by the Ethics Committee of "Zvezdara" University Hospital and conducted according to the principles outlined in the Declaration of Helsinki.
Patients were followed up from February 2009 to May 2018, for a median period of 28 months (minimum 1, maximum: 95, IQR: 54), during which time they received standard care from their physicians.
Outcomes
The primary outcome was time until cardiac death. Secondary outcomes were times until all-cause death and HF-related rehospitalization. Data on the outcomes were collected from hospital medical records and/or reports from primary care physicians. Cause of death was obtained from death certificates.
Health-related quality of life measurement HRQOL was measured with the Serbian version of the Minnesota Living with Heart Failure questionnaire (MLHFQ). 20 The MLHFQ consists of 21 items and reflects the impact of HF on a patient's everyday life in the previous month. The questions ask the patient to indicate how much a possible effect of HF prevented them from living as they wanted during the past month; responses are graded from 0 (no effect) to 5 (very much). The questionnaire's total score can range between 0 and 105, with higher values indicating poorer HRQOL. It has two subscales that measure the physical (eight items; range 0-40) and emotional (five items; range 0-25) dimensions of HRQOL. The MLHFQ is a widely used disease-specific tool for measuring HRQOL in patients with HF, with proven validity and reliability. 21 
Data collection
Demographic data, ie, age, sex, marital status, educational level, living situation (living alone or not), and income, were obtained by interview. Clinical characteristics were collected from medical records and included the length of HF, history of previous myocardial infarction, angina, risk factors for coronary artery disease (CAD), comorbidities (diabetes, hypertension, atrial fibrillation, previous stroke, chronic obstructive pulmonary disease, chronic kidney disease, liver disease, peptic ulcer disease, anemia, malignancies, and dementia), and current medication. All the above-mentioned conditions were taken into comorbidity score. NYHA class was determined based on the patients' symptoms and functional limitations. LVEF was measured by echocardiography using the modified Simpson's rule.
Depressive symptoms and cognitive impairment
Symptoms of depression were evaluated using the fiveitem Geriatric Depression Scale (GDS), which is a validated screening tool for identifying possible depression in the elderly. 22 The score can range from 0 to 5 
Statistical analysis
Categorical variables are presented as frequencies and percentages, while continuous variables are presented as mean ± SD. Patients were grouped according to the median total MLHFQ score, and the medians of the physical and emotional scores. Differences between subjects with better and worse HRQOL, grouped according to the median MLHFQ scores (total, physical, and emotional), were tested using the Student's independent samples t-test for normally distributed continuous variables and the MannWhitney U test for non-normally distributed continuous variables. The Chi-square test was performed to compare differences between categorical variables. Testing was performed in order to obtain covariates that could be potential confounders for the observed outcomes. All patients' data were complete (n=200), except for obesity, family history of CAD, LVEF, hyponatremia and hemoglobin levels, where numbers of missing values were: 1 (0.5%), 4 (2.0%), 3 (1.5%), 2 (1.0%), and 1 (0.5%), respectively. Percentage of data completion was sufficient to perform further analyses. It was not necessary to use missing-data imputation methods.
Survival analysis
Survival analysis was conducted using the Kaplan-Meier method and Cox-proportional hazards regression. The differences in survival times between subjects with better and worse HRQOL in terms of the total score and the physical and emotional dimension scores were tested using the logrank test based on Kaplan-Meier curves. Cox-proportional hazards models were also constructed in order to determine whether HRQOL and the physical and emotional dimension scores were predictors (in univariate analyses) and independent predictors (in multivariable analyses) of cardiac mortality, all-cause mortality, and HF-related rehospitalization. Multivariable modeling was performed in two steps. First, potential theoretical confounders of mortality in HF patients (age, sex, NYHA class, and LVEF) and MLHFQ score groups were entered in the model. Those variables were obligatory, and the enter method was used in this step. Next, all variables with P<0.10 in the univariate Cox-proportional hazards regression analyses and those that showed a significant difference with P<0.05 between patients with better and worse HRQOL were entered in the model. Last, the backward method with 0.05 entrance and 0.10 probability removal criteria was applied, and obligatory variables and those with P<0.10 were retained in the final model. All statistical tests were two-tailed, and P<0.05 was considered statistically significant. Statistical analysis was performed with the IBM SPSS Statistics® software version 20.0 (IBM Corp., Armonk, NY, USA).
Results
Baseline patient characteristics
The baseline characteristics of all patients and those with better and worse HRQOL are presented in Table 1 . The patients had a mean age of 77.5 years, 51% were male, 68.5% were in NYHA classes III-IV, and the mean LVEF was 42.1%. Patients with worse HRQOL were significantly more likely to be in NYHA classes III-IV, take diuretics and digoxin, take more drugs, and have depressive symptoms, and significantly less likely to have hypertension. The mean total MLHFQ score in the entire group of subjects was 47.4±18.8, while the mean physical and emotional dimension scores were 23.8±9.3 and 9.8±6.1, respectively.
Follow-up
After discharge from the hospital, 169 out of 194 survivors (87.1%) were followed up for a median period of 28 months. Twenty-five patients (12.9%) were lost to followup. During the follow-up period, 110 patients (65.1%) died, with cardiac death occurring in 78 patients (46.2%), and 105 patients (62.1%) experienced HF-related rehospitalization.
Survival analysis
Kaplan-Meier survival analysis showed that patients with worse HRQOL had a significantly higher probability of cardiac death (X 2 =4.754; P=0.029) and HF-related rehospitalization (X 2 =10.665; P=0.001) than those with better HRQOL. There was no significant difference in the probability of all-cause death (X 2 =2.596; P=0.107) between the patients with better and worse HRQOL. Kaplan-Meier curves showing the probability of cardiac death, all-cause death, and HF-related rehospitalization in patients with better and worse HRQOL are presented in Figure 1 .
Patients with a worse HRQOL physical dimension score had a significantly higher probability of cardiac death =7.552; P=0.006) than those with a better HRQOL physical dimension score. There was no significant difference in the probability of all-cause death between patients with better and worse HRQOL physical dimension scores (X 2 =3.464; P=0.063). Kaplan-Meier curves showing the probability of Comparison between groups with better and worse HRQOL grouped by median of total MLHFQ score (47) . Due to missing data, the total numbers of patients are: Abbreviations: ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor blockers; BP, blood pressure; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HF, heart failure; HGB, hemoglobin; HRQOL, health-related quality of life; LVEF, left ventricular ejection fraction; MI, myocardial infarction; MLHFQ, Minnesota Living with Heart Failure questionnaire; NYHA, New York Heart Failure Association; USD, US dollar. cardiac death, all-cause death, and HF-related rehospitalization in patients with better and worse HRQOL physical dimension scores are presented in Figure 2 . There were no differences in probability of cardiac death (X Univariate Cox-proportional hazards regression analyses showed that worse HRQOL was significantly associated with increased risk of cardiac mortality and HFrelated rehospitalization, but not with all-cause mortality. A worse HRQOL physical dimension score predicted cardiac mortality and HF-related rehospitalization, but not allcause mortality. There were no associations between the HRQOL emotional dimension score and the observed outcomes. The results of the univariate Cox-proportional hazards regression models of HRQOL and the physical and emotional dimension scores regarding the time until a Better HRQOL indicates total MLHFQ score ≤47;
b Worse HRQOL indicates total MLHFQ score >47. Each P-value indicates whether the probability of the event (eg, cardiac death) at any time point was significantly different between the two groups (according to the log-rank test). Abbreviations: HF, heart failure; HRQOL, health-related quality of life; MLHFQ, Minnesota Living with Heart Failure questionnaire. Figure 2 Kaplan-Meier curves showing probability of cardiac death, all-cause death, and HF-related rehospitalization in patients with better and worse HRQOL physical dimension scores. a Better HRQOL physical dimension score indicates physical MLHFQ score ≤24; b Worse HRQOL physical dimension score indicates physical MLHFQ score >24. Each P-value indicates whether the probability of the event (eg, cardiac death) at any time point was significantly different between the two groups (according to the log-rank test). Abbreviations: HF, heart failure; HRQOL, health-related quality of life; MLHFQ, Minnesota Living with Heart Failure questionnaire.
cardiac death, all-cause death, and HF-related rehospitalization are presented in Table 2 . Multivariable Cox-proportional hazards regression analyses showed that worse HRQOL was significantly independently associated with increased cardiac mortality, all-cause mortality, and HF-related rehospitalization. A worse HRQOL physical dimension score was a significant independent predictor of cardiac and all-cause mortality, but not HF-related rehospitalization. The HRQOL emotional dimension score was not an independent predictor of any of the observed outcomes. The results of the multivariable Coxproportional hazards regression models of the HRQOL and the physical and emotional dimension scores regarding the time until cardiac death, all-cause death, and HF-related rehospitalization are presented in Table 3 .
Discussion
The main finding of our study is that poor HRQOL is an independent predictor of increased long-term cardiac mortality, all-cause mortality, and HF-related rehospitalization in elderly patients hospitalized with HF. A novel finding of our research is that HRQOL independently predicts cardiac mortality in elderly HF patients. Most of the previous research on the associations between HRQOL and long-term prognosis in HF patients focused on allcause mortality or HF-related hospitalization as outcomes. [10] [11] [12] [13] [14] [15] [16] Only a few studies used the combined endpoint of cardiac death and HF-related hospitalization or cardiac event-free survival as an outcome. [24] [25] [26] In our study, we used MLHFQ, which is a disease-specific instrument that measures HRQOL in HF and reflects how the disease affects everyday life and functioning of patients. 20 We believe that if HRQOL is a predictor of the long-term prognosis of elderly HF patients, using cardiac death as a primary endpoint better reflects the real prognostic value of HRQOL in HF than all-cause death, especially in the elderly, many of whom have multiple comorbidities that could influence all-cause mortality.
17,18,27
Figure 3 Kaplan-Meier curves showing probability of cardiac death, all-cause death, and HF-related rehospitalization in patients with better and worse HRQOL emotional dimension scores. a Better HRQOL emotional dimension score indicates emotional MLHFQ score ≤9; b Worse HRQOL emotional dimension score indicates emotional MLHFQ score >9. Each P-value indicates whether the probability of the event (eg, cardiac death) at any time point was significantly different between the two groups (according to the log-rank test). Abbreviations: HF, heart failure; HRQOL, health-related quality of life; MLHFQ, Minnesota Living with Heart Failure questionnaire. Our subjects were older than the patients included in most of the previous studies that assessed the prognostic value of HRQOL in HF. [10] [11] [12] [13] [14] 24, 28 According to the available literature, there have been only two studies that included solely elderly patients, 15, 16 and the mean age of subjects in each of these studies was similar to that in our study. Approximately half of our patients were male, in contrast to the studies of younger subjects, in which males were a majority, 10, 11, 13, 24, 28 and the two studies of elderly subjects, which reported a higher frequency of women. 15, 16 More than two-thirds of our subjects were in NYHA classes III-IV. This is in contrast to most of the previous studies in younger and older populations, which reported that up to 50% of patients were in these higher NYHA classes, 10, 11, 13, 15, 16, 24, 28 indicating that our patients had more functional limitations. The mean LVEF in our study was 42%, similar to the value reported in the two studies of elderly subjects, 15, 16 while studies involving younger subjects reported a wide range of mean LVEF values, from 22% to 51%. 10, 11, 13, 24, 28, 29 The mean total MLHFQ score in our patients was 47.4, higher than the scores reported in the majority of studies in younger subjects, 10, 11, 24, 26 indicating worse HRQOL in our subjects. This could be explained by the fact that our subjects were older, had higher NYHA classes, were hospitalized, and were more likely to have symptoms of depression, which could all contribute to poor HRQOL. 25, [30] [31] [32] [33] However, each of the two studies involving elderly subjects had a total MLHFQ score similar to ours.
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When we compared the baseline characteristics of patients with better and worse HRQOL, the latter were significantly more likely to be in NYHA classes III-IV, take diuretics and digoxin, take more drugs and have depressive symptoms, and significantly less likely to have hypertension. Previous studies also found that poor HRQOL was associated with higher NYHA class, more frequent use of diuretics and digoxin, and polypharmacy. 24, 28, 34 Many studies found that depression was strongly associated with poor HRQOL, 25, 34, 35 consistent with our findings. Hypertension has been shown to negatively influence quality of life in a general population, 36 but studies conducted in HF patients found no association with HRQOL, 10,32 contrary to our results.
Kaplan-Meier survival analysis showed that our patients with worse HRQOL had higher probabilities of cardiac death and HF-related rehospitalization compared with those with better HRQOL. We found no difference in the probability of all-cause death between the two groups. We also found that patients with a worse HRQOL physical dimension score had a higher probability of cardiac death and HF-related rehospitalization than those with a better HRQOL physical dimension score. There were no differences in the probabilities of cardiac death, all-cause death, or HF-related rehospitalization between patients with better and worse HRQOL emotional dimension scores.
Previous studies that used the same method of survival analysis (Kaplan-Meier) and the same instrument for measuring HRQOL (MLHFQ) found that worse HRQOL was associated with a higher probability of all-cause death, 11, 13, 24 in contrast to our findings. Possible explanation for discrepancies between our results and the findings of abovementioned studies comes from the fact that in these studies patients were younger, predominantly male, in a lower NYHA classes, and recruited mostly from outpatient clinics. Heidenreich et al, 28 using the Kansas City Cardiomyopathy Questionnaire (KCCQ) 37 as a disease-specific instrument for Adjusted for age, sex, NYHA class, LVEF, systolic blood pressure, heart rate, hyperlipoproteinemia, use of diuretics, and obesity; g Adjusted for age, sex, NYHA class, LVEF, systolic blood pressure, heart rate, living alone, hyperlipoproteinemia, and use of diuretics; h Adjusted for age, sex, NYHA class, LVEF, systolic blood pressure, heart rate, hyperlipoproteinemia, and use of diuretics. HRs were calculated for worse HRQOL, which represents an MLHFQ score higher than the median. Abbreviations: HF, heart failure; HRQOL, health-related quality of life; MLHFQ, Minnesota Living with Heart Failure questionnaire.
assessing HRQOL in HF, reported that subjects with poor HRQOL had a higher probability of all-cause death, which differs from our results. However, they included younger subjects from outpatient clinics who were predominantly male with lower LVEF, which could possibly explain the variable findings. Studies that used HF-related hospitalization as one of the endpoints revealed that poor HRQOL is linked to a higher probability of hospitalization, in accordance with our results. 11, 28, 29 Kato et al 24 found that subjects with poor HRQOL had a higher probability of the combined endpoint of cardiac death and HF-related hospitalization, which partly fits with our findings. Hoekstra et al 10 reported
that patients with worse physical functioning and general health subscale scores measured by a generic HRQOL instrument, the Medical Outcomes Study Short-Form 36 (SF-36) 38 questionnaire, had a higher probability of all-cause death, which differs from our findings. These differences could be explained with the use of SF-36, designed to measure health status across various conditions and in healthy people, 38 and a different sample which in their study included younger, predominantly male patients with lower LVEF. Using Cox-proportional hazards regression survival analysis, we found that worse HRQOL is a predictor of cardiac mortality and HF-related rehospitalization, and an independent predictor of cardiac mortality, all-cause mortality, and HF-related rehospitalization. In addition, we revealed that a poor HRQOL physical dimension score is a predictor of cardiac mortality and HF-related rehospitalization, and an independent predictor of cardiac mortality and all-cause mortality. Studies using the MLHFQ in elderly subjects found that poor HRQOL was a predictor of all-cause mortality and HF-related hospitalization, 15 and that a poor HRQOL physical dimension score was an independent predictor of all-cause mortality, 15, 16 partly consistent with our findings. Several studies that included younger patients with HF showed that HRQOL was an independent predictor of allcause mortality and HF-related hospitalization, 11, 13, 24, 28, 29 which is consistent with our findings. The HRQOL emotional dimension score was not a predictor or an independent predictor of any of the observed endpoints in our study, consistent with the findings of most previous studies.
14 Previous studies that assessed the prognostic value of HRQOL in HF patients reported inconsistent results due to differences in HRQOL definitions, measuring instruments, sample sizes and populations, time of baseline measurement, endpoints, and follow-up duration.
14 There is no consensus about the definition of HRQOL, and the term is often interchangeably used with quality of life and health status. 6 In addition, researchers often define quality of life and choose questionnaires for its measurement according to the purpose of their study, making crossstudy comparison difficult. 39 There are several generic questionnaires designed for measuring the quality of life in the elderly, such as World Health Organization's Quality of Life measure for older people (WHOQOL-OLD), 40 but to our knowledge, there is still no disease-specific instrument for measuring HRQOL in elderly patients with HF. Future research should focus on developing such a questionnaire, and the process should involve both experts in the field and elderly people. 41 Given that HRQOL is a subjective concept, 6 we propose that asking older people to help defining the concept of HRQOL and develop appropriate questionnaires for its measurement would lead to more valid and reliable tools for assessing HRQOL and its predictive value in this population. Our findings and those from previous research indicate that worse HRQOL is an independent predictor of poor longterm prognosis in HF patients. 11, 13, 15, 16, 24, 28, 29 The advantage of our study is that we showed that HRQOL is an independent predictor of cardiac mortality in elderly patients hospitalized with HF. As mentioned before, we suggest that cardiac death and HF-related rehospitalization are better endpoints to evaluate the prognostic value of HRQOL in HF than all-cause mortality. There are several reasons that could possibly explain this hypothesis. First, we assessed HRQOL with MLHFQ, which is a disease-specific instrument for HF and does not reflect general HRQOL. Second, if we hypothesize that HRQOL measured by this questionnaire could be a predictor of poor prognosis of HF patients, it is more important to assess cardiac mortality than all-cause mortality, because only cardiac death should be an event of interest. In other words, we think that the quality of life of HF patients is not theoretically related to the likelihood of any fatal outcome, as death may be a consequence of, for example, a fall and subsequent fracture of the hip, malignancy, or dementia, which are all common causes of mortality in the elderly. 17, 18, 27, 42 Thus, prediction of all-cause mortality should not be linked to HRQOL in HF, especially if it is measured by a disease-specific instrument.
Clinical implications
The most important goals in the treatment of HF patients are reducing mortality, preventing hospitalization, and improving HRQOL. 5 Findings from previous research and those of our study indicate that poor HRQOL is associated with unfavorable long-term prognosis in elderly Pharmacological interventions modestly improve HRQOL in HF. 43 Treatment with angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, and ivabradine increased HRQOL in older subjects. 43, 44 Cardiac resynchronization therapy in selected patients also resulted in improvement in HRQOL, 5 but the benefits of such a procedure have not yet been proven in the elderly. 45 Specific multidisciplinary HF management and monitoring programs could also improve HRQOL in HF patients. 5, 43, 45 Cardiac rehabilitation and exercise training programs appear to be among the most promising interventions for improving HRQOL in elderly HF patients. 43, 46 Considering that elderly patients with HF are often frail and have multiple comorbidities, depression, cognitive impairment, and issues with polypharmacy, 27, 35, 47, 48 future interventions to improve HRQOL in this vulnerable group should focus on identification and treatment of these conditions.
Study limitations
Our study had several limitations. First, it was a relatively small, single-center study performed only in hospitalized patients, and its results may not be generalizable. Second, the median follow-up of our patients was relatively short (28 months), considering that other studies had follow-up periods of 3-7 years. 10, 11, 13, 16 Third, 25 (12.9%) of our patients were lost to follow-up, which could have influenced the validity of our results. However, the loss was <20%, which is considered to be the maximum value for a study to be valid. 49 Fourth, we assessed only baseline HRQOL. Serial measurements of HRQOL during the follow-up period would give us more information about how temporal changes in HRQOL influence prognosis. 11 Finally, we used only MLHFQ, which is a disease-specific instrument for measuring HRQOL, with proven validity and reliability. 21 It is among the three most recommended questionnaires for use in HF patients, 21, 50 together with KCCQ 37 and Chronic Heart Failure Questionnaire (CHFQ), 51 and all three have good psychometric properties. 21, 50 Complementary use of other questionnaires, such as the generic SF-36 questionnaire, 38 could have given us more information about the HRQOL of our patients and its prognostic value.
Conclusion
HRQOL is an independent predictor of long-term cardiac mortality in elderly patients with HF. It also independently predicts all-cause mortality and HF-related rehospitalization. Assessment of HRQOL in this population of patients could be a simple and useful clinical tool for additional evaluation of their prognosis. It could identify a subgroup of elderly HF patients with high risk of poor prognosis and help clinicians make decisions about more intensive treatment and more frequent monitoring.
